Individuals save for future uncertain health care expenses. This is less efficient than pooling health risk through insurance. The provision of comprehensive health insurance may raise welfare by providing the missing market to smooth out consumption through the life cycle. We employ a semiparametric smooth coefficient model to examine the effects of the introduction of the National Health Insurance in Taiwan in 1995 on savings and consumption over the life cycle. The idea is to estimate the coefficients of health insurance which vary with age. Our results suggest that younger households are more sensitive to the risk reductions, and that they demonstrate a greater response in the reduction of their precautionary saving.
INTRODUCTION
Precautionary savings arise when individuals consume less while young, in order to guard against possible income downturns due to uncertain earnings or health expenditure in later life. The availability of health insurance mitigates the risk of uncertain out-of-pocket health expenditure, while reducing the demand for precautionary savings by the households.
1 Thus, potentially significant welfare gains may be obtained from the implementation of social health insurance programmes by improving risk-sharing mechanisms, and by allocating the resources of households more efficiently over time. While a few studies in the literature have shown evidence of temporary consumption smoothing during periods of unemployment and illness, there is little empirical evidence to support the benefits of social health insurance in terms of consumption smoothing over the life cycle. 2 The aim of this paper is to assess the potential benefits of social health insurance, by measuring the effect of the programme on consumption smoothing over the life cycle, and in particular assessing the impact of the introduction of National Health Insurance (NHI) in Taiwan in 1995.
Previous works have examined the impact of social or health insurance on savings with the assumption that the effect is constant over the life cycle. For example, based on the simulation results, Kotlikoff (1989) showed that the savings for self-payment exceed those under a fair insurance policy, while savings were smallest in the case of Medicaid. Recent theoretical work by Hubbard et al. (1995) suggested that a significant saving deterrent is associated with means and asset-tested social insurance programmes. Powers (1998) and Gruber and Yelowitz (1999) confirmed this theoretical prediction by showing a strong positive correlation between social insurance eligibility and consumption expenditure. Starr-McCluer (1996) examined the relationship between insurance coverage and wealth, and found a positive effect from health insurance coverage on wealth holdings. Kantor and Fishback (1996) examined the impact of the introduction of insurance against workplace accidents, and found that the existence of workers' compensation led to a reduction in the savings of working households. Engen and Gruber (2001) examined the effects of the unemployment insurance programme on wealth holdings, and found that increasing the generosity of unemployment insurance would lower savings. Chou et al. (2003) have shown that the implementation of National Health Insurance in Taiwan reduced savings by an average of 8. 6-13.7%. 3 In this paper, we employ a semiparametric smooth coefficient model to examine the different effects of health insurance on precautionary savings through the life cycle. The general idea is to estimate the coefficients of health insurance that vary with age. 4 The knowledge and understanding of how the health insurance programme impacts differently upon dissimilar age groups has important welfare implications. If the health insurance programme has a greater impact in terms of reducing precautionary savings in younger households, then the welfare gains as a result of consumption smoothing cannot be ignored as a policy consideration.
The resultant regression model is established by using the joint employment status of the household head and his/her spouse. Specifically, we use a natural experiment created by a series of legal changes to examine the effect of NHI on household savings, and consumption behaviour over the life cycle.
The National Health Insurance programme was officially launched in Taiwan in March 1995. Prior to the implementation of NHI, there were three major health insurance programmes-Labour Insurance, Government Employees' Insurance and Farmers' Health Insurance.
5 Government employees were the only workers who were able to access health insurance after retirement. Furthermore, only the parents, spouses and children of government employees were family members covered under the insurance policies of government workers. Consequently, the value of NHI-in terms of reducing the risk of catastrophic expenditure-is substantially lower for government-employed households because NHI essentially duplicates the coverage already available through the head (or his/her spouse) of the household. By exploiting the variations in uncertainty with respect to health expenditure prior to the implementation of NHI, we are able to identify the effects of the NHI on household precautionary savings motives over the life cycle.
The complicated and diverse health insurance programmes in Taiwan allow us to infer the effects of the NHI on motives for saving, by comparing the difference in outcomes over time for a control group, to the difference in outcomes during the same period for a treatment group. This strategy is referred to as a 'difference-in-differences' estimation. 6 The idea of the difference-in-differences design is that an outcome change for the control group picks up any systematic structural change, while any outcome change in the experimental group reflects both the same systematic structural change, plus the impact of the intervention. In this study, our control group comprises government-employed households, while the experimental group comprises nongovernment-employed households. It is noteworthy that this variation is created by a natural experiment, but does not arise from differences in household behaviours.
We used the Taiwan Survey of Family Income and Expenditure, a nationally representative survey that collects detailed information on the categories of household income and consumption expenditure. In particular, we used a pooled cross-section over eight annual time series to construct aggregated cohort-level data-a pseudo panel-in which households are grouped by their year of birth.
As will be seen in detail in the sections that follow, this study shows that the mitigation of the risk of unexpected medical care expenditure by the NHI programme has the greatest impact, in terms of reducing precautionary savings and increasing consumption, for younger households. These results suggest that the risk-pooling mechanism can help households to both smooth out their consumption and allocate their resources more efficiently.
The structure of this paper is as follows. Section 2 lays out a theoretical framework for consumer maximization, and characterizes the relationship between prudence, the risk of medical expenditure and savings. Section 3 provides background information on the health insurance programmes in Taiwan. Section 4 describes the identification strategy and the data with a graphical presentation of the savings and consumption profile. Section 5 introduces the semiparametric smooth coefficient model. We present the estimation results in Section 6 and subsequently the conclusions are provided in Section 7.
CONCEPTUAL FRAMEWORK
The central theme of the life-cycle or permanent-income hypothesis, which has sparked volumes of research, is that agents keep the marginal utility of consumption constant over time. Consumption is proportional to the expected present value of lifetime resources. However, if income is stochastic, the closed-form solution can only be obtained under assumptions of quadratic utility function and perfect capital markets. With these assumptions held, the consumption function exhibits the certainty equivalence property: consumption is identical to what would obtain if there were no uncertainty.
In addition, several studies show that imposing a less restrictive assumption on utility function, especially using a utility function which has a positive third derivative, a condition to generate prudent behaviour, will reduce current consumption, and alter the slope of the consumption path. The theoretical condition under which an increase in uninsurable risk leads to more precautionary saving was first derived by Leland (1968) and further analysed by Sandmo (1970) and Drèze and Modigliani (1972) . Kimball (1990) defined the concept of 'prudence' and showed that a prudent individual will engage in precautionary savings. Important numerical simulations performed by Zeldes (1989b) confirmed the theoretical predictions that the consumption function is quite different from the common certainty equivalence benchmark, and suggested that the level of precautionary saving is large. Hubbard et al. (1994) also demonstrated that considering uncertainty regarding the length of life, earnings, and out-of-pocket medical expenditures in the life-cycle model could lead to hump-shaped consumption profiles as households save for precautionary reasons early in life and spend-down these assets during retirement.
Several studies have analysed the case of consumers who are also impatient: households who would like to borrow to finance a high level of current consumption (Zeldes, 1989a; Carroll, 1997; Deaton, 1991) . The consumer facing a liquidity constraint may behave similarly to the consumer who can borrow but who has a strong precautionary motive (Carroll, 1997) . The existence of a liquidity constraint will strengthen the precautionary motive for saving, and make the consumption path even steeper, since the inability to borrow in a rainy day is another reason to accumulate precautionary assets.
To understand how unexpected health expenditure can influence savings, we consider a stochastic life-cycle model, following Blanchard and Fisher (1989) and Deaton (1992) . We do not assume the liquidity constraint in our model. The household is assumed to be uncertain about its future medical expenditure. At each age t, a household incurs out-of-pocket health expenditure, M t . When M t is known, a household chooses consumption C t and future consumption fC tC1 , . . . , C T 1 g to maximize additively time-separable von Neumann-Morgenstern utility. We assume that the utility function exhibits constant and identical absolute risk aversion and absolute prudence. In much the same way as the Arrow-Pratt absolute risk aversion U 00 /U 0 measures the strength of risk aversion, Kimball (1990) defined absolute prudence as U 000 /U 00 which measures the strength of the precautionary savings motive. Following Kimball and Mankiw (1989) , Caballero (1990) and Weil (1993) , the utility function is defined as U C t D 1/˛ exp ˛C t . With the specified utility function, the degree of absolute risk aversion and the degree of absolute prudence are both constant and equal to˛.
For simplicity, we assume that the discount rate υ and interest rate r are both equal to zero. Thus, at time zero the household maximizes:
Health care expenditure is thus modelled as a random walk, with normally distributed error term. Under certain conditions, the optimal consumption level can be solved and simplified to:
and optimal consumption satisfies: Appl. Econ. 19: 295-322 (2004) Equation (4) implies that increases in either uncertainty about future health care expenditures 2 or the degree of absolute prudence ˛ will yield smaller consumption and greater precautionary savings DY t M t C t . Equation (5) shows the effect of uncertain health expenditures on the slope of the consumption path. Higher risk about future health care expenditures 2 or higher absolute prudence ˛ leads to deferred consumption and results in a steeper consumption path.
The implementation of the NHI programme reduces the risk of unexpected medical expenditure, and thus discourages precautionary savings by the household. If the motive of the household for precautionary saving is strong, the NHI will have a positive welfare effect in terms of consumption smoothing. That is, if 2 decreases because of the implementation of NHI, the consumption path in equation (5) will become flatter over time due to the decreases of C tC1 . This simplified model provides useful insights on the relationship between health insurance and the consumption profile over the life cycle. If˛and 2 are not functions of age, the reduction in risks (i.e. the reduction of 2 ) will shift the consumption profile upward proportionally to˛ T t 1 /4. That is, younger households will increase the consumption level more than older households.
However, the consumption profile over the life cycle after the implementation of NHI may be complicated by the fact that both uncertainty over health expenditure 2 and the degree of absolute prudence ˛ are functions of age. Kimball (1990 Kimball ( , 1993 argued convincingly that like risk aversion, prudence also declines with wealth. Individuals who have amassed considerable assets will be less sensitive to potential risks. Given that the wealth profile against age is usually hump-shaped and peaks before the age of retirement in a life-cycle model, the decreasing absolute prudence implies that the NHI will have a stronger effect on the precautionary savings of younger households, and a smaller effect on the households before retirement age. Moreover, households which face a liquidity constraint will also be more sensitive to the risk reduction. If younger households are more likely to face a liquidity constraint, this implies that the NHI will have a stronger impact on their behaviour.
On the other hand, the level of risk reduction induced by the NHI programme will vary across the different age groups. Older people are faced with higher risks from out-of-pocket medical expenditure because of higher morbidity and mortality rates. As a result, the implementation of the NHI programme may provide higher risk reductions among older people, and induce a greater response in terms of reducing their precautionary savings.
Bringing together all of these issues, the response to the NHI, as a function of age, is not uniform. Thus, there is a need for empirical justification of the way in which responses to the risk reductions created by the NHI vary over the life cycle.
BACKGROUND ON NATIONAL HEALTH INSURANCE IN TAIWAN
Taiwan implemented an NHI plan on March 1, 1995. The implementation of the NHI has dramatically changed how the health care services on the island are financed. Since implementation, the NHI has increased the insured portion of the population from 57% in 1994 to 97% in 1998. Prior to NHI, there were three major health insurance programmes-Government Employees' Insurance (GEI, for government employees), Labour Insurance (LI, for workers and other industrial employees), and Farmers' Health Insurance (FHI, for farmers).
7 Most of the working population was covered by one of these three programmes. In 1992, 37% of the population was covered under Labour Insurance, 8.2% under Government Employees' Insurance, and 8.2% under Farmers' Health Insurance (Peabody et al., 1995; Chiang, 1997) . The 47% of the population who were not covered were mostly children, the elderly, and housewives. GEI was the only plan to cover the spouse, parents and children of the worker. We have excluded farmers from our sample, therefore, the following discussions only focus on LI and GEI. Labour Insurance was implemented in 1950 and initially designed to cover industrial workers employed in public or private factories. Under the 1970 Labour Insurance Act, employers of journalistic, cultural, non-profit organizations and enterprises with five or more employees were required to insure all workers between the ages of 15 and 60. In 1988, LI was extended to cover public enterprise employees who were not eligible for GEI, and private school teachers and employees. Members of an occupational union who had no definite employer or who were self-employed were also insured under the LI programme. The premium for LI was 6-8% of monthly-insured salary, 80% of which was paid by the employer and 20% by the worker. LI did not provide any health coverage to family members of the workers or employees, nor did it cover retired workers.
Under LI, the patient had to pay a fixed 'registration fee' (NT$50, US$1.9) 8 for each visit. There was no co-payment requirement. About 80% of hospitals and 47% of clinics were contracted with this insurance plan. The patients received medical services in these contracted hospitals or clinics (Cheng and Chiang, 1997) .
As implemented in 1958, GEI provided mandatory health coverage for government employees. The premium rate was 3-5% of the government employee's salary, of which 35% was paid by the employee and 65% by the government. Eligibility for optional coverage was extended to retired government employees in 1965, and to spouses, parents, and children of government employees in 1982, 1989, and 1992, respectively. GEI had its own health care delivery system. The plan owned six clinical centres in five metropolitan areas and had contracted with 61% of the hospitals, but less than 6% of the clinics.
In contrast to previous health insurance programmes, the NHI covers all members of the population.
9 After the NHI became effective, the administrations for the medical care benefits from the previous social insurance plans (Government Employees' Insurance, Labour Insurance, and Farmers' Insurance) were all transferred to the Bureau of National Health Insurance (BNHI). The BNHI then became the only health insurance provider, incorporating three important features: compulsory universal coverage, uniform comprehensive benefits, and financed through payment of a premium (via payroll deduction) with a heavy governmental subsidy (Chiang, 1997) . The GEI, LI and FHI plans continue to administer other types of insurance such as disability, unemployment, and old-age insurance. The absence of a strong private health insurance industry made it politically 8 The average exchange rate was US$1 D 25.75 New Taiwan dollars (NT$) in 1991. 9 The beneficiary of the NHI includes the insured and his/her dependents. The insured of NHI are classified into the following six categories. 1. Civil servants; employees of publicly or privately owned enterprises or institutions; employees employed by particular employers; employers or self-employed owners of business; independently practicing professionals and technicians. 2. Members of an occupational union; seamen serving on foreign vessels. 3. Members of the Farmers' Association, the Irrigation Association and the Fishers' Association. 4. Dependents of voluntary military officers, noncommissioned officers or servicemen. 5. Members of a household of low-income families. 6. Veterans. The dependents of the insured include: 1. The insured's spouse who is not employed; 2. The insured's lineal blood ascendants who are not employed; 3. The insured's lineal blood descendants who are either under 20 years of age and not employed, or are over 20 years of age but incapable of making a living (National Health Insurance Act, Chapter II, Articles 7, 8, 9). feasible for the government to establish a single social insurance programme. 10 The NHI benefit includes outpatient care, inpatient care, emergency care, prescription drugs, ambulatory care, emergency care, laboratory tests, mental illness treatment, dental care, and specified preventive care services.
11 Also the insured are completely free to choose their physicians and hospitals. For outpatient visits, the co-payment ranges from NT$80 (US$3.1) to NT$150 (US$5.8). For hospitalization, the co-payment ranges from 5% to 30% for both acute and chronic care, depending on the length of stay in the hospital. In the case of major illness or injury, no co-payment is required. After implementation of the NHI, the Bureau of National Health Insurance contracted with 785 hospitals and 12,925 clinics, or 97% of the hospitals and 90% of the clinics in Taiwan.
Payroll deduction of the premium (payroll tax) is the principal source of financing the NHI. The payroll tax is shared both by the employer and employee. There is a ceiling on the contribution as a percentage of the taxable wage, making the payroll tax in essence a regressive tax. The maximum premium rate is 6%. The ratio of sharing the premium varies among the groups insured. For public employees and their dependents, the insured pay a 40% share of the premium and the employer (government) pays 60% of the premium. For private employees and their dependents, the insured pay 30%, the employer pays 60%, and the government subsidizes the remaining 10% of the premium.
12 The political party in power does not want to risk its political position by dramatically changing the payroll tax structure; therefore, the financing of the NHI essentially follows the way the LI, GEI and FHI are financed. The other financial sources include lotteries and the tax on tobacco and wine. The government subsidizes about 30% of the total NHI budget.
The diverse health insurance programmes provide an opportunity to study the effect of health insurance on precautionary saving against unexpected health expenditures. The implementation of the NHI reduces the risk of catastrophic health expenditures and consequently weakens the motive for precautionary saving. We expect that the NHI had a smaller impact on the precautionary savings of government-employed households since their prior coverage was more generous than that of other households, and so the NHI had less effect on reducing uncertainty about medical expenditures. This natural experiment allows us to study precautionary saving without selection bias.
IDENTIFICATION STRATEGY AND DATA

Identification Strategy
Our estimation strategy compares the change of household consumption, and the saving behaviour of households who had almost identical insurance coverage before and after NHI, to those of households who experienced an expansion of insurance coverage to the members of their households after the start of NHI. Prior to the start of NHI, if at least one spouse worked in the government sector, the other spouse, children and parents could be covered under his (or her) extended insurance programme. Thus, the introduction of comprehensive health insurance may have limited impact on those households, because they have almost identical insurance coverage after the start of NHI. Therefore, our control group (government-employed households) consists of households where at least one spouse in a couple works in the public sector. Our treatment group (non-government-employed households) includes households where the head of the household works in the private sector and the spouse is either a non-government employee or not in the labour force or unemployed. Similar definitions of control and treatment groups are employed in Chou and Staiger (2001) and Chou et al. (2003) .
Data and Sample
The data used in this analysis are obtained from the Survey of Family Income and Expenditure (SFIE) conducted between 1991 and 1998. Since samples are drawn yearly, it is impossible to track individual households longitudinally. About 13,000 to 16,000 households are surveyed, which provide approximately 52,000 to 68,000 subjects aged 15 years and over for interview each year. The survey contains not only information on demographic characteristics, economic status and industrial sector of employment for each individual in the household, but also the detailed categories of household income and consumption expenditure. Household income includes compensation for all employees among the household members, and includes entrepreneurial, property and transfer income. Total household expenditures include durable, non-durable and other miscellaneous expenditures. 13 For heads of the household and their spouses, the survey also provides information on their individual wage rates and income.
The data used in the analysis represents a time series of repeated cross-sections, which is different from the panel data normally obtained by following the same households through time. We constructed a pseudo-panel using cohort average, as suggested by Deaton (1985) and Browning et al. (1985) , to estimate the model. The main idea behind this synthetic cohort analysis is to provide a means of following the average savings behaviour of homogeneous groups, as they age, over time. Cohorts are defined on the basis of the year of birth of the head of the household. We then averaged the variables of interest over all the households belonging to a given cohort observed in a given year.
The data are sufficiently large to define cohorts for each year of age. Since our sample covers eight years, each cohort overlaps with an adjacent cohort at seven ages. The choice of the interval defining the cohort is arbitrary, involving a trade-off between the interval and the cell size in each cohort. On the one hand, the choice of a narrow interval yields relatively more homogeneous groups; on the other hand, the choice of a larger cell size reduces the sampling noise of the resultant pseudo-panels.
Our sample is restricted to married couples whose household heads were either self-employed, or employed within the public or private sectors. Agricultural families are excluded from the sample. We excluded those industries in the private sector which are not covered by the Labour Standards Law.
14 Government-employed workers are entitled to receive retirement benefits. However, nongovernment-employed workers can only receive retirement benefits if they worked in industries covered under the Labour Standards Law.
15 These restrictions and the deletion of households with incomplete information resulted in a working sample of 42,278 non-government-employed households and 9945 government-employed households. Those households whose head was born after 1973 or before 1927 were eliminated from the sample. All the remaining households were allocated to 47 cohorts on the basis of the year of birth of the household head. This procedure would give us 376 47 cohorts ð 8 years observations on cohort-year pairs. We only considered observations with the age of the head of household between 25 and 64 at the survey year. The sample was truncated at age 64 to avoid specifying the bequest function. As a result the pseudo-panel is not balanced. 16 There are 320 observations on cohort-year pairs for nongovernment-employed households, and 319 for government-employed households. In Table I , we report the cohort definition, their age in 1991, and the average cell size in each cohort.
As noted by Moffitt (1993) , Deaton and Paxson (1994) , Attanasio and Weber (1995) and Attanasio (1998) , the use of synthetic panel techniques has several advantages in the estimation of life-cycle profiles. We are able to follow over time a homogeneous group of individuals born in the same period and therefore coming of age at the same time. It is potentially very misleading to estimate age profiles by pooling together several cross-sections and grouping by age, because of the presence of cohort effects. Moreover, short panel or sample attrition is not an issue in a pseudo-panel. 14 The social security system for private workers is governed by two laws: the Labour Insurance Act and the Labour Standards Law, enacted in 1958 and 1984 respectively. A key provision of the Labour Standards Law mandated that employers provide lump-sum retirement and severance benefits. The size of the benefits depended on a worker's tenure with his current employer. Levenson (1996) found that consumption did not increase immediately for those who were granted the retired benefits, relative to those who received no benefits. 15 The classifications are (i) agriculture, forestry and fishing; (ii) mining and quarrying; (iii) manufacturing; (iv) electricity, gas and water; (v) construction; (vi) transportation, storage and communication; (vii) commerce; (viii) finance, insurance, real estate and business services; and (ix) public administration, social and personal services. The last three were not covered by the Labour Standards Law and are excluded from our sample. We defined two saving variables for regression analyses. Savings are defined as the difference between household disposable income and household expenditure. The first definition excludes household durables; it adjusts consumption expenditures by adding expenditures on family furniture, furnishing and household equipment, paid or imputed rent and imputed value of the house (either rental value or market value). The second measure adds household durables.
In Figures 1 and 2 , we plot average cohort income and consumption (including durable goods and excluding durable goods) against age for non-government-employed and governmentemployed households, respectively. Both income and consumption are hump-shaped for nongovernment-employed households, peaking before retirement age. Income and consumption profiles also demonstrate a hump shape for government-employed households, but both increase around age 61. The shapes of consumption profile are similar regardless of whether the consumption includes durable goods or not. Both consumption and income increased after the implementation of NHI for non-government and government-employed households alike. As discussed in the previous section, the increases in consumption and income for government-employed households will identify the effects of the rapid economic growth in Taiwan through the years. The 'difference-in-differences' between non-government and government-employed households attributes the residual effects to the implementation of the NHI. We consider family composition in Figure 3 , and plot the life-cycle profile for consumption per family member. Consumption per household member increases after implementation of the NHI programme for both government and non-government-employed households.
In Figure 4 , we plot the average cohort savings against age for non-government and governmentemployed households, respectively. It is worth noting that the NHI programme produced a larger negative impact on the savings of non-government-employed households prior to age 50, whilst having a lesser effect on the savings of older households. This result is consistent with our theoretical argument that the NHI programme reduced the inherent uncertainty of out-of-pocket medical expenditure, and thus reduced the motive for precautionary savings. Younger households are more sensitive to the risks; a result which is consistent with the assumption of decreasing absolute prudence and the existence of liquidity constraint. In contrast, as shown in the righthand panel of Figure 4 , NHI did not have any significant impact on the savings profile of government-employed households. Savings increased slightly after the implementation of NHI for older households, but the change was not significant. This result confirms the supposition that NHI had a smaller effect on the savings of government-employed households, due to the virtually identical insurance benefits both before and after the start of NHI.
EMPIRICAL SPECIFICATION AND A SEMIPARAMETRIC ESTIMATION TECHNIQUE
Difference-in-Differences Estimate
In order to estimate the effects of NHI on precautionary savings over the life cycle, we model a varying-coefficient reduced form regression for government (G) and non-government (NG) employed households:
G: The construction of household permanent income is based on the observable characteristics of household head and spouse. Further, it also accounts for the cohort effects. The detailed descriptions are in the appendix. For both household groups, the savings or consumption profile over the life cycle are modelled via the varying-coefficients of intercept, NHI and INC as functions of Age, i.e.,˛ Age ,ˇ1 Age andˇ2 Age . 17 Since the government-employed households had almost identical insurance coverage before and after the implementation of NHI, the estimated coefficient Ǒ 1g Age will identify any systematic structural change after 1995. However, the NHI provides better coverage for nongovernment-employed households, as compared to the coverage under the Labour Insurance. Thus, we expect Ǒ 1ng Age to be negative for any age group, because the NHI programme reduces the risk of unexpected health expenditures and thus discourages the motives for precautionary savings in the households. The coefficient Ǒ 1ng Age not only picks up the effects of NHI, but may also identify other structural changes. We therefore employ the 'difference-in-differences' strategy Ǒ 1ng Age Ǒ 1g Age to isolate the impact of other structural changes.
Flexible Parametric Specification-Polynomial in Age
We first considered a flexible parametric specification to estimate equations (6) and (7). The idea is to specify the varying-coefficients,˛ Age ,ˇ1 Age andˇ2 Age , as a second-degree polynomial of Age. 18 With the group subscripts g and ng suppressed, Thus, the difference-in-differences estimate of the impact of NHI will be the difference in the group estimates
Semiparametric Specification-Smooth Function of Age
In order to determine the varying effects of NHI on savings over the life cycle, we consider a more general semiparametric regression model: a semiparametric smooth coefficient model developed by Li et al. (2002) . The main idea is to specify the varying-coefficients,˛ Age ,ˇ1 Age anď 2 Age as unknown, smooth functions of Age. Equations (6) and (7) can be expressed in a more general equation where we drop the subscripts g and ng:
The vector x i includes NHI i and INC i , and its coefficient vectorˇ z i is a smooth but unknown function of z i .
To estimate equation (8) we adopt the three-step process proposed by Li et al. (2002) which showed that can be consistently estimated at p n, whileˇ z i can be estimated with the nonparametric rate which is slower than p n. In the first step, all coefficients in (8) are assumed to be smoothing functions of z. The regression is then estimated by applying the local least-squares method of Robinson (1989) :
where K Ð is a kernel function and smoothing parameter h is chosen via h D z sd n 1/5 where z sd is the sample standard deviation of z. Unlike equation (8), the estimator z in (9) depends on z in the first step, ignoring the fact that the coefficient is constant.
Subtracting˛ z i and x 0 iˇ z i from both sides of (8) yields:
where
Thus, in the second stage of the estimation, a p n-consistent estimator of is obtained by least-squares regression of (10):
The final step is to replace in (8) with the p n-consistent estimator O and re-estimate˛(z ) andˇ z . Specifically, we subtract W 0 i O from both sides of (8) and estimate the equations:
O C u i . The smooth coefficient υ z Á ˛ z 0 ,ˇ z 0 0 is estimated by a local least-squares method applied to (12):
An iterative procedure of repetition between the second and third stages could be performed. Li et al. (2002) proved that under certain conditions of regularity, the estimators Ǫ z , Ǒ z and O are consistent and asymptotically normally distributed.
Simple test statistics proposed by Li et al. (2002) can be performed to test the flexible parametric models versus the semiparametric smooth coefficient models. The null hypothesis that the parametric model is a correct specification can be stated as: 
The residual is obtained from mixed regression, where O is the semiparametric estimator of from (8), whilst Q z and Q z are the least-squares estimators of the benchmark parametric linear regression. Under the alternative hypothesis H 1 , the test statistic J n approaches infinity as n ! 1. Therefore, it is a one-sided test. J. Appl. Econ. 19: 295-322 (2004) 6. EMPIRICAL RESULTS
We consider two definitions for consumption and saving in our empirical analyses. The first panel of Table II shows the results for government-employed households. For saving defined as the difference between household disposable income and expenditure while including both durable and non-durable goods (Specification 1), the sample average of Ǒ 1g Age shows a reduction in savings for government-employed households after the implementation of NHI, a 14.5% reduction based on the semiparametric estimate (Model (2)), which is statistically significant at the 1% level.
19
Under flexible parametric specification, the marginal impact of the NHI evaluated at the mean age
shows on average a 25.8% reduction in savings. A more profound reduction in savings after the implementation of NHI is observed for nongovernment-employed households (the second panel of Table II ). The estimate Ǒ 1ng Age shows on average a 55.6% reduction based on the semiparametric estimate, and a 51.8% reduction under flexible parametric specification. These reductions in savings may be overestimated. The reductions may be attributable to other systematic structural changes or economic shocks after the implementation of the NHI programme. To isolate these 'nuisance' factors from the true impact of the NHI on household savings, we compute the difference Ǒ 1ng Age Ǒ 1g Age . Since the insurance coverage of government-employed households is almost identical, both before and after the introduction of the NHI programme, the estimate Ǒ 1g Age provides, if any, a measure of the impact of structural changes. Thus the difference-in-differences Ǒ 1ng Age Ǒ 1g Age estimates the true impact of NHI on savings. The average impact is still considerable at 26.0% D51.8% 25.8% based on the flexible parametric specification, 20 and at 41.1% D 55.6% 14.5% based on the semiparametric estimate, respectively. The difference-in-differences estimate is statistically significant at the 1% level under the semiparametric specification. 21 The result is consistent with the theoretical prediction that precautionary savings will decline as a result of the decreased risk from unexpected medical care expenditure.
For saving defined as the difference between household disposable income and expenditure while excluding durable goods (Specification 2), the estimated Ǒ 1g (Age) shows on average a 2.6% reduction based on the semiparametric estimate for government-employed households. For non-government-employed households, Ǒ 1ng (Age) shows on average a 21.9% reduction under the semiparametric specification. Under the flexible parametric specification, NHI reduces savings by 9.9% and 23.2% for government and non-government-employed households, respectively. The difference-in-differences estimates imply that NHI reduced saving for non-government-employed households by 13.3% and 19.3% based on flexible parametric specification and semiparametric estimates, respectively. For semiparametric specification, we also specify the coefficients of the 19 The estimated coefficient and t-value of the NHI variable shown in Tables II-IV are the sample average of the pointwise estimate. The pointwise individual estimates from (13) and its estimated standard errors are available upon request. 20 The average impact for flexible parametric specification is calculated as Ǒ 1ng A Ǒ 1g A where A is the average age. 21 An approximate test for the null hypothesis of no difference in the average of age-varying coefficients for control and treatment groups was used for this analysis. The test statistic is given as
Ǒ g Age is the difference in the average age-varying coefficients, and S d is the standard error of d assuming the independence of Ǒ ng Age and Ǒ g Age . That is:
where n i is the number of observations in the i th group and var Ð is the estimated pointwise variance. constant term and permanent income as functions of age. The 25th, 50th (median) and 75th percentiles of the estimates based on the semiparametric smooth coefficient model are reported in Table V . In Table II , the parametric and semiparametric estimations yield similar implications on household savings. By examining the results more closely, however, the parametric results are quite misleading. We first test Model (1) against Model (2). The null hypothesis that Model (1) is true is rejected with the test statistic 74.7 for government-employed households under Specification 1, which is statistically significant at the 1% level. The null hypothesis is also rejected for non-government-employed households at the 1% level under both Specifications 1 and 2.
Since the semiparametric estimators of the smooth coefficients are functions of age, we plot the estimation results and 90% bounds for both government and non-government-employed households in Figure 5 . For comparison, we also plot their corresponding flexible parametric estimation results. For non-government-employed households (Panel A-1 of Figure 5 ), the flexible parametric model overestimates the negative effects of NHI before age 40, and underestimates the negative effects after age 40. The flexible parametric estimates lie inside the 90% bounds for about half of the age range. For government-employed households (Panel A-2 of Figure 5 ), the flexible parametric model overestimates the impacts between ages 35 and 56. The flexible parametric estimates lie inside the 90% bounds for all age ranges. In Figure 5 (Panel B-1), the vertical distance between two semiparametric curves, or the difference-in-differences estimate, measures the effect of NHI on savings over the life cycle for non-government-employed households. We plot the semiparametric difference-in-differences estimates in Panel B-2. The response profile increases to age 43 and decreases slightly to age 58, and then increases again to age 64. This result suggests that the younger households are more responsive to the reduced risk of unexpected medical care expenditure. Older people have higher risk reductions in medical care expenses, and hence may have higher responses to NHI.
In Figure 6 , we plot the estimate against age based on the results of Specification 2 (saving includes durable goods). For non-government-employed households (Panel A-1), the flexible parametric estimates lie inside the 90% bounds for about two-thirds of the age range. For government-employed households (Panel A-2), two-thirds of the flexible parametric estimates lie inside the bounds. Excluding durable goods from consumption yields a slightly different saving response profile to Figure 5 . The responses to the NHI programme (absolute values of the estimated coefficients) decreases with age. Younger households are most sensitive to the risk reduction due to the implementation of the comprehensive health insurance programme.
Both government and non-government-employed households experienced an increase in consumption expenditure after the implementation of NHI under both Specifications 1 and 2 (Table III) , where Specification 1 includes durable goods consumption but Specification 2 does not. With consumption including durable goods (Specification 1), under the semiparametric estimation, there is a 2.8% increase in household consumption for government-employed households after the implementation of NHI, as compared to a 4.1% increase in household consumption among nongovernment-employed households. The difference-in-differences estimate implies that the NHI increases non-government-employed household consumption expenditure by 1.4%. With consumption excluding durable goods (Specification 2), the semiparametric difference-in-differences estimate implies that the consumption expenditure increases by 1.9% 5.5% 3.6% for nongovernment-employed households after NHI. However, the effects are not statistically significant. The null hypothesis that Model (1) is true is rejected for both government and non-governmentemployed households under both Specifications 1 and 2.
The estimates of the NHI coefficients for consumption are plotted against age variable in Figure 7 (including durable goods) and Figure 8 (excluding durable goods). Flexible parametric estimates (Model (1)) do not lie inside the 90% bounds for most of the age range for nongovernment-employed households (Panel A-1), but approximate closer to the semiparametric estimates for government-employed households (Panel A-2). In similar fashion to the interpretation in Figures 5 and 6 , the vertical distance between the two semiparametric curves measures the effect of NHI on consumption expenditure over the life cycle. The difference-in-differences estimates are shown in Panel B-2. The impact of NHI on consumption decreases with age regardless of the definition of consumption. According to the difference-in-differences estimate, younger households are more sensitive to the implementation of NHI, and consumption expenditures are increased more.
Household consumption expenditure depends inter alia on family size, hence, we also estimate the effect of NHI on per capita household consumption expenditure (Table IV) . The semiparametric difference-in-differences estimates suggest that there were 1.1% D3.2% 2.1% and 1.8% D4.8% 3.0% increases per household member in general household consumption expenditure under Specifications 1 and 2, respectively. However, the effects are not statistically significant.
The estimated coefficients under different models and semiparametric difference-in-differences estimates of consumption per household member are plotted in Figures 9 (including durable goods) and 10 (excluding durable goods). Again, flexible parametric estimates are most likely to lie outside the 90% bound for non-government-employed households (Panel A-1), but perform better for government-employed households. (Panel A-2) . The difference-in-differences response profile for consumption is similar when family composition is taken into consideration (Panel B-2). According to the difference-in-differences estimates, the impact of NHI decreases with age. Excluding durable goods (Figure 10 ) yields a similar response profile.
CONCLUSIONS
The introduction of social health insurance can substantially reduce the uncertainty surrounding out-of-pocket health expenditure, and thus reduce the motives of households for precautionary savings. Precautionary savings depend both upon the risk of future medical expenses and the household's degree of absolute prudence. If absolute prudence declines with wealth, as suggested by Kimball (1990) , younger households will demonstrate a larger response to the risk reduction. However, if the risk of future medical expenses declines substantially for older households with the availability of health insurance, they may display a significant response to this uncertainty change. When examining the effects of Taiwan's 1995 introduction of the National Health Insurance programme on households' savings and consumption over the life cycle, we find that households reduced their savings and increased their consumption once the comprehensive health insurance became available. Moreover, younger households are more sensitive to the risk reductions and demonstrate a greater response in reducing their precautionary savings. This result is consistent with the theoretical argument of Kimball (1990) and the empirical results of Guiso et al. (1992) . Older households (between the age of 58 and 65) also show a greater response in reducing their savings, as compared with other households before retirement age. As predicted in the theoretical argument, one potential reason is that there is a more significant decline in risk for older households.
Rather than numerically solving the Euler equation derived from the dynamic programming model, we employ a semiparametric smooth coefficient model to examine the effects of NHI on savings and consumption over the life cycle. These findings indicate an important welfare implication. Individuals are capable of saving for future uncertain health care expenditure, but this is less efficient than pooling health risk through insurance, since those who do not end up paying their medical bills are inefficiently reducing today's consumption. Furthermore, households trying to smooth out their consumption are faced with potential capital market restraints. Thus, the provision of national health insurance may raise welfare by providing the missing market to smooth out consumption. In particular, children are likely to increase levels of consumption in the middle age range. Through the smoothing mechanism, if households are better able to finance child-rearing and education expenses, the long-term consequences on child development and human capital accumulation may be much more beneficial to society. However, the collective effect of the decrease in savings may lower aggregate capital, output and consumption, and therefore can be potentially welfare reducing. 22 While this study provides useful information, more research is required to assess the welfare implications and to provide more accurate guidance for policy reform.
APPENDIX: CONSTRUCTION OF PERMANENT EARNINGS
We follow Guiso et al. (1992) to construct the permanent earnings for heads of a household and their spouses. In brief, the permanent earnings at age can be expressed as
where Z is a vector of characteristics for the head of the household and Ð is a quadratic function of age. Assuming 65 years is the maximum age at which people work, the estimated permanent where f is the estimated quadratic function of age. We include demographic characteristics, occupation, sector, regional location and year to estimateˇand . Earnings functions are estimated separately for heads of a household and their spouses. For spouses, we only estimate those who have positive earnings. Permanent income for a household is the sum of the earnings of the head and of the spouse. Estimated results and sample statistics are available upon request.
